Abstract. This study analyzed the effect of corpus luteum (CL) formation during weeks 3-5 postpartum on the subsequent reproductive performance of dairy cows. Factors contributing to CL formation during the postpartum period were also determined. Data were collected from 1524 Holstein dairy cows on 18 farms using a single ultrasonographic examination to determine the presence or absence of a CL during weeks 3-5 postpartum. The dates of calving, AI, conception and cow parity were also collected. Data were acquired for a subset of 475 cows on five farms related to peripartum reproductive events and the body condition score (BCS) during weeks 3-5 postpartum. The hazard of first postpartum insemination by 150 days in milk (DIM) was higher for cows with a CL compared with herd mates without a CL during week 3 (hazard ratio [HR]: 1.40, P=0.007), week 4 (HR: 1.28, P=0.004) and week 5 postpartum (HR: 1.43, P<0.0001). Furthermore, the pregnancy hazard was also higher by 210 DIM for cows with a CL compared with cows without a CL during week 3 (HR: 1.56, P=0.0009), week 4 (HR: 1.28, P=0.006) and week 5 postpartum (HR: 1.20, P=0.04). Cows calved during autumn were more likely to have a CL than cows calved during spring (odds ratio [OR] =2.32, P=0.003). Primiparous cows were less likely to have a CL than multiparous cows (OR=0.63, P=0.03). Cows with a BCS < 3.00 were less likely to have a CL than cows with a BCS ≥ 3.00 (OR=0.51, P=0.0013). In conclusion, CL formation during weeks 3-5 postpartum was related to subsequent improved reproductive performance when compared with herd mates without a CL. Key words: Corpus luteum, Dairy cows, Reproductive performance, Postpartum period (J. Reprod. Dev. 58: [552][553][554][555][556] 2012) N ormal postpartum restoration of reproductive organs and the endocrine system is required for dairy cattle reproduction [1] . The first follicular wave occurs during 5-7 days in milk (DIM) as a response to an elevated plasma FSH concentration. Consequently, some of the first dominant follicles ovulate at 16-20 DIM, although non-ovulation of the first dominant follicles is followed by another new follicular wave (or they become cystic) that prolongs the interval to first ovulation until 40-50 DIM [2] . The average interval to postpartum commencement of luteal activity was tested via the repeated measurement of progesterone profiles using blood or milk samples, and it ranged from 27 to 30 DIM [3] [4] [5] [6] . The interval to first postpartum ovulation was calculated by deducting approximately 5 days from the interval to postpartum commencement of luteal activity [6, 7] . The early resumption of postpartum cyclicity is associated with improved reproductive performance in dairy cows [3, 8, 9] . Moreover, cows ovulating within week 3 postpartum exhibited an increased pregnancy hazard compared with those ovulating from week 5 to 7 and those not ovulating by week 7. Ovulation of the dominant follicle of the first follicular wave is a good marker of improved fertility and uterine health [10] . Another recent study stated that delayed ovulation due to reduced fertility factors predictive of a reduced pregnancy rate could be defined as ovulation occurring after 35 DIM [7] .
N
ormal postpartum restoration of reproductive organs and the endocrine system is required for dairy cattle reproduction [1] . The first follicular wave occurs during 5-7 days in milk (DIM) as a response to an elevated plasma FSH concentration. Consequently, some of the first dominant follicles ovulate at 16-20 DIM, although non-ovulation of the first dominant follicles is followed by another new follicular wave (or they become cystic) that prolongs the interval to first ovulation until 40-50 DIM [2] . The average interval to postpartum commencement of luteal activity was tested via the repeated measurement of progesterone profiles using blood or milk samples, and it ranged from 27 to 30 DIM [3] [4] [5] [6] . The interval to first postpartum ovulation was calculated by deducting approximately 5 days from the interval to postpartum commencement of luteal activity [6, 7] . The early resumption of postpartum cyclicity is associated with improved reproductive performance in dairy cows [3, 8, 9] . Moreover, cows ovulating within week 3 postpartum exhibited an increased pregnancy hazard compared with those ovulating from week 5 to 7 and those not ovulating by week 7. Ovulation of the dominant follicle of the first follicular wave is a good marker of improved fertility and uterine health [10] . Another recent study stated that delayed ovulation due to reduced fertility factors predictive of a reduced pregnancy rate could be defined as ovulation occurring after 35 DIM [7] .
Ultrasonography can be used to detect a nonfunctional (developing and regressing) CL and functional CL in dairy cattle [11, 12] . Thus, CL formation may be detectable from day 3 after ovulation to the end of diestrus, and in most cases, it is still identifiable at the end of ovulation [13, 14] . We hypothesized that identifying the start of luteal activity using a single on-site ultrasonographic examination during the early postpartum period (e.g., within week 7) might provide a good predictor of subsequent reproductive performance under field conditions. Thus, the current study determined whether detection of CL formation using a single ultrasonographic examination during weeks 3-5 postpartum was related to subsequent reproductive performance of dairy cows. Factors contributing to CL formation during the postpartum period were also determined.
Materials and Methods

Animals
This study was conducted on 18 Holstein dairy farms located in Chungcheong Province, southwest Korea. A total of 1524 Holstein dairy cows (484 primiparous and 1040 multiparous; mean parity = 2.5 ± 0.04) were enrolled in this study. Cows were maintained in free-stall facilities, fed a total mixed ration and milked twice daily. The mean milk yield was approximately 9500 kg per year per cow.
Reproductive management
All herds contained 50 or more cows and received regular reproductive health checks every 2-4 weeks by veterinarians from the College of Veterinary Medicine, Chungbuk University. The regular reproductive health checks included an examination of ovarian structures including CLs, follicles and cysts and the uterus via transrectal palpation and ultrasonography (Sonoace 600 with 5.0 MHz linear-array transducer, Medison, Seoul, Korea, or Tringa Linear with 5.0 MHz linear-array transducer; Esaote Pie Medical, Maastricht, The Netherlands). CLs were defined as grainy echogenic structures that had a well-defined border with less echogenic ovarian stroma [15] . Both nonfunctional (newly formed and regressing) and functional CLs were included in this study. Diagnosis and treatment of reproductive disorders, as well as pregnancy diagnosis using ultrasonography and transrectal palpation, were also part of the regular reproductive health checks.
The voluntary waiting period from calving to first artificial insemination (AI) in this study was 30 days. In addition to estrous detection, a herd reproductive management program was employed for cows failing to receive AI within the 80-day postpartum interval. This included estrus synchronization using 25 mg PGF 2α (Lutalyse ® , Pharmacia & Upjohn, Puurs, Belgium) im or 500 μg cloprostenol, a PGF 2α analogue, im (Estrumate, Schering-Plough Animal Health, Friesoythe, Germany) or ovulation synchronization using PGF 2α and 100 μg of the GnRH analogue gonadorelin, (Fertagyl, Intervet, Seoul, The Netherlands, or Godorel, Uni-Biotech, Boxmeer, Korea), with or without an internal drug-release device containing 1.9 g of progesterone (CIDR TM , InterAg, Hamilton, New Zealand). Cows that exhibited estrus naturally, or after estrus synchronization using PGF 2α , were inseminated according to the am-pm rule, whereas cows with synchronized ovulation received timed AI. Pregnancy was diagnosed rectally 40-50 days after AI using both ultrasonography and manual palpation.
Data collection and analysis
This retrospective study initially determined the effect of CL formation during weeks 3-5 in the postpartum period on subsequent reproductive performance. Data were collected from a total of 1524 Holstein dairy cows on 18 farms to determine the presence or absence of a CL via a single ultrasonographic examination during the postpartum period. Additional reproduction-related data were acquired, including, the dates of calving, AI and conception and cow parity. The following reproductive outcomes were compared among cows with a CL and herd mates without a CL during weeks 3, 4 and 5 postpartum: hazard of first postpartum insemination by 150 DIM, hazard of pregnancy by 210 DIM and the first insemination conception rate.
Factors contributing to CL formation during the postpartum period were determined during this study. Thus, we collected data on peripartum reproductive events (dystocia, twin calving, stillbirth, and retained placenta) and body condition scores (BCS) based on the criteria developed by Edmundson et al. [16] at the time of ultrasound examination in a subset of 475 cows from five farms.
All cows diagnosed with endometritis during weeks 3-5 postpartum based on purulent or mucopurulent uterine discharge in the vagina [17, 18] were excluded from this study.
Statistical analysis
In the statistical analysis, the postpartum period for the detection of CL formation was categorized into week 3 (21 ± 3 DIM, n=300), week 4 (28 ± 3 DIM, n=607) and week 5 postpartum (35 ± 3 DIM, n=617). Cow parity was grouped as primiparous or multiparous, while the calving season was grouped as spring (March to May), summer (June to August), autumn (September to November), or winter (December to February).
The CL formation detection rates in weeks 3, 4 and 5 postpartum were compared using the Chi-square test in SAS (SAS version 9.1, SAS Inst., Cary, NC, USA). Cox's proportional hazard model with the PHREG procedure in SAS was used to analyze the hazard of first insemination by 150 DIM and hazard of pregnancy by 210 DIM among cows with a CL and herd mates without a CL during weeks 3, 4 and 5 postpartum, respectively. This estimated the hazard of a cow being inseminated or pregnant at a given time. The time variables used in the model were the interval in days between calving and first insemination and the interval in days between calving and pregnancy. Cows that were sold, died or remained not inseminated by 150 DIM or remained non-pregnant at 210 DIM were censored. The Cox models included farm, calving season, cow parity and CL formation. The proportional hazard rate was evaluated based on the interactions between the explanatory variables and time and by evaluating the Kaplan-Meier curves. The median and mean days to first insemination or pregnancy were determined by a survival analysis from the Kaplan-Meier model using the LIFETEST procedure in SAS. A survival plot was generated using the survival option of MedCalc version 11.1 for Windows (MedCalc Software, Mariakerke, Belgium).
The first insemination conception rate and factors contributing to CL formation during weeks 3-5 postpartum were analyzed by logistic regression using the LOGISTIC procedure in SAS. The logistic regression model for the initial insemination pregnancy rate included farm, calving season, cow parity and CL formation. To identify factors contributing to CL formation, the model included farm, calving season, cow parity, CL formation, BCS during weeks 3-5 postpartum (categorized into < 3.00 vs. ≥ 3.00) and peripartum reproductive events (dystocia, twin calving, stillbirth, or retained placenta). Backward stepwise regression was used in all models, and the elimination was performed based on the Wald statistic criterion when P>0.11. The odds ratio (OR) and 95% confidence interval (CI) were produced by logistic regression. Results are presented as proportions and OR with their respective 95% CIs. Differences with P<0.05 were considered significant. Table 1 shows the association of CL formation detected by a single ultrasonographic examination during weeks 3, 4 and 5 postpartum with hazards for time to first postpartum insemination and pregnancy in dairy cows. The CL formation detection rates were 35.0%, 42.7% and 52.4% for weeks 3, 4 and 5 postpartum, respectively (P<0.05). The hazard of first postpartum insemination by 150 DIM was higher in cows with a CL compared with herd mates without a CL during week 3 (hazard ratio [HR] 1.40, P=0.007), week 4 (HR 1.28, P=0.004), and week 5 (HR=1.43, P<0.0001) postpartum, which led to a reduced mean interval to first postpartum insemination (68 vs.
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78 DIM, 71 vs. 79 DIM and 73 vs. 82 DIM, respectively). Survival curves generated using the survival option in MedCalc showed that the hazard of first postpartum insemination by 150 DIM was greater in cows with a CL (HR=1.31, P<0.0001) compared with herd mates without a CL during the week 3-5 postpartum period, which resulted in a 7-day reduction in the median interval to initial insemination (Fig. 1) .
The hazard of pregnancy by 210 DIM was also higher in cows with a CL compared with cows without a CL during week 3 (HR=1.56, P=0.0009), week 4 (HR=1.28, P=0.006) and week 5 (HR=1.20, P=0.04) postpartum, which resulted in a reduced mean interval to pregnancy (105 vs. 131 days, 116 vs. 125 days and 116 vs. 127 days, respectively) ( Table 1 ). The survival curves generated using the survival option in MedCalc showed that the hazard of pregnancy by 210 DIM was greater in cows with a CL (HR=1.27, P<0.0001) compared with cows without a CL during the week 3-5 postpartum period, which resulted in a 16-day reduction in the median interval to pregnancy (Fig. 2) .
The first AI conception rate was higher in cows with a CL (OR=2.14, P=0.006) compared with cows without a CL during week 3 postpartum, whereas this rate did not differ between cows with a CL and cows without a CL during weeks 4 or 5 postpartum (P>0.05). Table 2 shows the factors contributing to CL formation during weeks 3-5 postpartum. Farm, calving season, cow parity and BCS were contributory factors to CL formation. CL formation was less likely at 3 farms (C, D and E) by 0.4-to 0.5-fold compared with 
Discussion
This retrospective study investigated whether CL formation detection in dairy cows using a single ultrasonographic examination during weeks 3-5 postpartum was related to subsequent reproductive performance. This might suggest earlier resumption of postpartum cyclicity relative to their herd mates without a CL. Compared with herd mates without a CL, cows with a CL during weeks 3, 4 and 5 postpartum had a higher hazard of first insemination by 150 DIM and an even higher hazard of pregnancy by 210 DIM, which suggested that CL detection during the early postpartum period may be a useful predictor of subsequent higher fertility under field conditions.
There was an increased detection rate of CL formation from week 3 to 5 postpartum in the present study, which was consistent with a previous report [6] . There was a higher hazard of first insemination by 150 DIM during weeks 3-5 postpartum in cows with a CL compared with herd mates without a CL, which led to a reduction in the median interval to first insemination (7 days). These finding were similar to those in the report of Walsh et al. [9] , which showed that anovulation by 66 DIM was associated with an 8-d increase in the time to first insemination. Similarly, cows ovulating within 21 DIM had a higher hazard of insemination by 150 DIM compared with cows ovulating within 49 DIM or cows not ovulating by 49 DIM, which resulted in reductions in the median interval to first insemination of 5 and 25 days, respectively [10] . These observations may be attributable to an earlier restoration of the reproductive organs and endocrine system following the prompt resumption of postpartum cyclicity [8, 19] .
The higher first AI conception rate in cows with a CL compared with cows without a CL during week 3 postpartum was comparable with the results of Galvão et al. [10] , who reported that cows with earlier cyclicity at 21 DIM had a greater first service pregnancy per AI than cows with cyclicity at 49 DIM or without cyclicity until 49 DIM. The higher hazard of pregnancy by 210 DIM in cows with a CL compared with herd mates without a CL during weeks 3-5 postpartum resulted in a 16-d reduction in the median interval to pregnancy, which strongly indicates that earlier commencement of luteal activity (evaluated by a single on-site ultrasonographic examination) was related to subsequent improved reproductive performance. Similarly, cows ovulating within 21 DIM had a higher hazard of pregnancy than cows ovulating within 49 DIM, or cows not ovulating by 49 DIM, and ovulation of the dominant follicle of the first follicular wave was a good predictor of the successful transition into lactation, leading to improved fertility [10] . Another study reported that ovulation within 3 weeks postpartum could be an early indicator of the recovery of normal ovarian function and subsequent reproductive performance in dairy cows [20] . A number of studies have also demonstrated based on repeated measures of progesterone profiles analyzed in serum or milk samples that earlier commencement of luteal activity led to improved fertility in dairy cows [3, 6, 7, 9] . This enhanced reproductive performance after earlier commencement of luteal activity might be attributable to a greater number of estrous cycles before the first AI or conception or a higher pregnancy rate with the first insemination [3, 8, 10] . The current study mainly showed that the detection of CL formation using a single on-site ultrasonographic examination during weeks 3-5 postpartum might provide a good predictor of subsequent improved fertility when compared with herd mates without a CL. However, it should not be overlooked that a single ultrasonographic examination for determination of the resumption of postpartum ovarian cycles may limit more detailed observations of different patterns of postpartum ovarian cycles, such as a prolonged luteal phase, as found in previous reports [7, 20] .
Farm, calving season, cow parity and BCS during weeks 3-5 postpartum were important factors contributing to CL formation in the present study. This study demonstrated that farms with different management practices and facilities, including nutritional control and cow population, and/or barn conditions, i.e., its design or dimensions (population density), although detailed descriptions for each farm were limited in the present study, may affect the commencement of luteal activity during postpartum periods. Cows calved during autumn were more likely to have a CL than those calved during spring, which was consistent with the results of Walsh et al. [9] and Santos et al. [21] . The present study was carried out in a region having temperate climate conditions with four distinct seasons. Thus, cows calved during autumn would have been exposed to favorable temperatures and humidity levels, which would have resulted in an increase in the amount of dry matter intake and good living conditions for the cows. Conversely, cows calved during spring, especially the spring, would have been exposed to unfavorable high temperatures and levels of humidity for a protracted period of time, which would have resulted in a decrease in the amount of dry matter intake and more uterine infections than in other seasons. In addition, this seasonal difference in the commencement of luteal activity may be related to the positive role of movement (exercise), photoperiodic stimulation, and nutritional changes [19, 22, 23] . The current study also found that primiparous cows were less likely to have a CL than multiparous cows (OR=0.63), which was in agreement with a previous study [21] in which primiparous cows were found to be less likely to have initiated the onset of estrous cycles by 65 days postpartum compared with multiparous cows (OR=0.48). Differences in the resumption of postpartum cyclicity with variable cow parity were not clear in the current study. Santos et al. [21] suggested that primiparous cows might be more sensitive to metabolic and endocrine signals during the periparturient period. However, cow parity was not associated with the risks of anovulation by 67 DIM [9] . Cows with a lower BCS (< 3.00 vs. ≥ 3.00) were less likely to have a CL (OR=0.51) in the current study, which may suggest that a severe negative energy balance during early lactation leads to delayed resumption of postpartum cyclicity. Similarly, a lower BCS at calving and AI [21] or a greater loss of BCS after calving [19, 21, 24] were important risk factors for delayed resumption of postpartum cyclicity. Another previous study showed that the BCS at calving and the change in BCS are not associated with the risk of postpartum anovulation [9] . Peripartum reproductive events were not associated with postpartum CL formation in the current analysis, but other studies indicated that calving problems [6, 19] , twin calvings, displaced abomasums and subclinical ketosis in the first week after calving [9] are important risks for delayed resumption of postpartum cyclicity. In any case, the present study suggests that preventing a reduction in BCS during early lactation with proper nutritional management might be required to hasten the resumption of postpartum cyclicity.
It is concluded that the CL formation detected using a single on-site ultrasonographic examination during weeks 3-5 postpartum may be a good predictor of the subsequent improved reproductive performance of dairy cows and that farm, calving season, cow parity and BCS during weeks 3-5 postpartum were important factors contributing to CL formation.
